Two species of low molecular weight RNA have been associated with apple scar skin disease. One of the RNAs, ASSARNA 1 was detected in the bark tissue as well as in the fruit tissue of diseased apple trees. Inoculation of young seedlings with extracted RNA was performed by rubbing with carborundum or by slashing with a razor. Nucleic acid was extracted from the bark of inoculated seedlings and analysed by two cycles of polyacrylamide gel electrophoresis.
Introduction
Apple scar skin disease was first described by Ohtsuka16), as an unusual symptom on Ralls Janet variety in China. He17) soon confirmed that the disease could be transmitted by grafting.
The occurrence of the disease was also reported in Japan21, 25) and
North America14). Another graft-transmissible disease, dapple apple, was reported in North America12,26), Japan27) and Europe2,5). From the graft-transmission experiment,
Yamaguchi and Yanase28) suggested that apple scar skin and dapple apple are caused by the same agent. Stouffer23) also suggested this relationship. The symptoms of the disease are restricted to the fruit. Scar skin, dapple or both symptoms appear on the fruit, depending on the apple variety12, 21, 28) . The disease was transmitted by graft-ing1, 13, 21, 28) . Mechanical transmission of the causal agent and the herbaceous host have not been reported so far. Until recently the causal agent of the disease has been considered to be a virus, because of its graft-transmissibility. However, the author9,10) demonstrated that two species of low molecular weight RNA (ASSARNA 1 and ASSARNA 2) were associated with apple scar skin and dapple diseases.
ASSARNA 1 had properties similar to known viroids. The causal agent of dapple apple has a high thermal stability2). These facts suggested the viroid etiology of the diseases.
In previous reports9,10), ASSARNA 1 was detected in fruit tissue. The first part of this study was therefore undertaken to detect ASSARNA 1 in tissues other than in the fruit.
In the second part of this study, in order to confirm the viroid hypothesis for apple scar skin or dapple diseases, the infectivity of phenol-extracted nucleic acid was examined.
Materials and Methods
Isolate. Inoculation of extracted RNA. Ten-day-old apple seedlings were dusted with 600-mesh carborundum and the young leaves, cotyledons and stems were gently rubbed with cotton swabs dipped in the inoculum of the total nucleic acid fraction. The seedlings were subjected to complete darkness for 48hr before inoculation29). Inoculation was performed in April 1982. The inoculated plants were maintained in a greenhouse for 6 months and then planted in the field. ASSARNA 1, purified by polyacrylamide gel electrophoresis, was inoculated by the razor-slash method4) in July 1983. An alcohol sterilized razor blade was dipped in the inoculum solution and immediately passed through shoot tissue of healthy test seedlings.
The slashing was repeated 10 times per tree. The inoculated plants were maintained in a greenhouse for 4 months and then planted in the field. Extraction of nucleic acid for electrophoresis assay.
One gram of bark tissue was homogenized in a mixture of 4ml extraction buffer (0,1M Tris-HC1, 0.5 M NaCl, 
Results

Detection of ASSARNA 1 in the bark
In order to examine the distribution of apple scar skin-associated RNAs in apple trees, nucleic acids were extracted from the bark and leaves by the same method used for extraction from fruit tissue and fractioned by CF-11 cellulose column chromatography. The extracted nucleic acids were analysed using 5% polyacrylamide gel electrophoresis under non-denaturing conditions. As shown in Fig. 1A , ASSARNA 1 was detected only in the bark tissues of infected trees, while ASSARNA 2 was detectable in both bark and leaf tissues.
However, under these conditions it was difficult to distinguish ASSARNA 2 from the normal host RNA which co-migrated with it. The band of ASSARNA 1 was cut out and re-electrophoresed under denaturing conditions. The preparation was separated into a major slow-moving band and some fast-moving faint bands (Fig. 1B) . The slow-moving band was also detectable with difficulty in the preparation from leaf tissues of infected trees. Considering the above results, a new method for detecting ASSARNA 1 in bark was designed as described in Materials and Methods. In the ethanol-Lil precipitation step, 0.5 vol of ethanol instead of 2 vol of ethanol was added, as described by Granell et Ann. Phytopath.
Soc. Japan 51 (2) . April, 1985 179 The procedure makes it possible to detect ASSARNA 1 in non-fruit bearing trees. Detection of ASSARNA 1 in inoculated apple seedlings Young seedlings were inoculated with non-fractioned total nucleic acids by the carborundum method. After 28 months following inoculation, nucleic acid was extracted from the bark tissue of inoculated seedlings and was tested for ASSARNA 1 by polyacrylamide gel electrophoresis. ASSARNA 1 was detected in only one seedling. In another experiment, ASSARNA 1 was purified by CF-11 cellulose column chromatography, followed by 5r°o polyacrylamide gel electrophoresis.
Fourteen seedlings were inoculated by the razor-slash method with purified ASSARNA 1. After 13 months following inoculation, ASSARNA 1 was detected in 8 seedlings ( Table 1) . The results are shown in Fig. 3 .
These seedlings with ASSARNA 1 showed no symptoms on leaves or on bark. As all the seedlings inoculated did not bear fruit yet, characteristic symptoms of the disease have not yet been observed. None of the non-inoculated seedlings tested contained ASSARNA 1. Table 1 . Detection of apple scar skin-associated RNA (ASSARNA 1) in Indo apple seedlings inoculated with nucleic acid extracts from diseased apples were apparent in lanes 5, 7 and 8.
Discussion
The procedure described for detecting ASSARNA 1 is rapid and requires less than 1g of bark tissue. This method may be applied to indexing for scar skin and dapple diseases. However, the extraction procedure needs further improvements for the following reasons. 1) In the initial homogenization of bark tissues, the homogenate often became so hot that the phenol evaporated.
2) In the ethanol-LiCI-EDTA precipitation, the amounts of precipitate varied from sample to sample. Therefore negative results were not reliable.
3) Selective precipitation of viroid and 5S RNA as described by Granell et al.6) was not observed in most experiments.
Although the preparation of ASSARNA 1 still contained small amounts of host RNA, it is apparent that the preparation mainly consisted of ASSARNA 1 which has been transmitted to apple seedlings and multiplied in them. All the properties of ASSARNA 1 so far examined coincide with that of viroid. ASSARNA 1 is a low molecular weight RNA9,10). It migrated slowly in the gel electrophoresis under denaturing conditions. This is a unique property of the circular form of viroids15, 18, 20, 22) and virusoids19,22 
